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ROBOCAL: GAMMA-RAY ISOTOPIC HARDWARE/SOFTWARE INTERFACE

J.R. Hurd, C.%. Bonner, C.A. Ostenak, R.E. Morrison, and H.C. Staley
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

J.G. Fleissner, T.W. Coressel, and D.C. Yee
Rockwell International, Rocky Flats Plant
Golden, Coloradc 80402

ABSTRACT

ROBOCAL, presently being developed at the Los
Alamos National Labcratory, 1s a  full-scale
prototypical robotic  system for remotely
performing calorimetric and gamma-ray 1SOtopics
measurenments of nuclear materials. It features a
fully automated vertical stacker-retriever for
storing and retrigving packaged nuclear wmaterials
from a multi-drawer system, and a fully automated,
uniquely integrated gantry robot for programmable
selection and transfer of nuclear materials to
calorimetric and gamma-ray 31sotopl: measurement
stations. Since ROBOCAL 1s tc require almost no
operator intervention, a mechanical control system
is required 1n addition to a totally automated
assay system. The assay system must be a
completely integrated data acquisaition and
1s0topi- Aanalysis package fully capakble of
performing state-of-the-art homogeneous and
heterogeneous analyses on many varied matrices.
The TPIFID assay system being discussed at this
conference by J.G. Fleissner of the Rocky Flats
Plant has Dbeen adopted because of 1ts many
automated feztures. These 1nclude: MCA/ADC setup
and acqulsitiorn, spectral storage and analycas

utilizing an expert system formalism; repor?
generation with 1nternal measuremernt contre.
printout; user friendly s:reent and menus. The

mechanical contrcl porvion ooneiete primarlly  of
two detector platforms and a sample piatfcrm, 2ach
with 1ndependernt movemern?t Some [ PYsle¥
modifications and additiont ate needed with TRIFII
tc anterfac~e the arsay and mechanical portion:

with the Cimk - QO scftwate ~ontp Ji1ng the
robot
INTRODUCTION

Nondes* ru-tive arsay NDA | layr an ecssntial



role in nuclear materials processing an~
safeguards at the Los Alamos Plutonium Facility.
Prompt, high-quality NDA measurements are needed
to monitor and control the movement, processing,
and storage of nuclear materials and to detect
their misplacement or unauthorized use.
Currently, NDA  measurements are performed
"hands-on” resulting in chronically high personnel
radiation exposures despite various administrative
and engineered radiaticon controls. Moreover, we
are experiencing a steady increase in demand for
NDA measurements, especilally calorimetric and
gamma-ray 1sotopics assay!, resulting 1in still
higher pertrsonnel radiation exposures. These
increased neasurement demands are now exceeding
capacity by factors ¢of two or more which suggests
at least doubling the present number of
calorimeters and gamma-ray isotopics instruments.
Alternatively, the capacity of the existing
instruments could be increased by adopting a 2-3
shifts per day, 7-day work week. Either of these
approaches would result in yet higher radiation
exposures for the countroom technicians.

In order to sclve both the exposure and
increased measurement demand problems
simultanesusly, as well as minimize personnel
access to nuclear materials, "ROBOCAL", a Rohotic
galcrimetry System, 1s being developed at the Los
Alam-s National Labcratory. ROBOCAL is a
full-scale prctotypical ropotic system for
remctely performing calorimetric and gamma-ray
180LOFpi1CcSs wmeasurements of nuclear materials.
Jriginating 1in 1987, ROBOCAL is presently
indergcing testing and evaluation in Room 38 of
the PF-4 basement at the Los Alamos Pluzonium
Ffacility and 1s scheduled for full operation later
this calendar year ROBOCAL features a fully
itomated vertical stacker-retriever for storing
ind retrieving packayged nuclear materials from a
wwiti-drawer system consisting of 144 item
.ocations, and a fully automated, uniquely
.ntegrated gantry rob-t for programmabile selection
ind transfer f packag~! nuclear materials from
el dravers to NDA measuremernt stations
omprising fave on-line calcrimeters and twe

n-line gamma-ray 1s°toplcs instruments igme
igure:  and O
ISCUSSION

The purp se  of thir plesentat. n 18 to
1S UEC e gamma Fay 15 'k pegulrements  of

OR CAL in iuding the anterfa-ing with  the robo!



controller. Because ROBOCAL is to be totally
automated, the 1isotopics 1instrument requires a
mechanical control system in addition to a totally
automated ascsay system. The primary requirement
for the assay system is that it be a completely
integrated data-acquisition and 1sotopic analysis
package fully capalrle of performing
state-of-the-art homogeneous and heterogeneous
analyses on many different matrices.’ At present,
an ideal device for the automated assay system
would appear to be the TRIFID/EFICS (Transuranic
JIsotopic Fraction Interrogation Device / Enhanced
Plutonium  Isotopics "C"  Software) system’
scheduled for presentation at this conference by
J.G. Fleissner of the Rocky Flats Plant (RFP).
For example, some of the automated features of
TRIFID include MCA’'ADC (Multichannel Analyzer /
Analog to Digqital Converter) setup and
acquisition, spectral storage, 1sotopic analysis,
and report generation. Further, the TRIFID design
even permits it to be programmed such that an
entire day's counting can be done with absolutely
no operator intervention. In addition, the
185tOp1C analyslis program has an expert system
formalism used to detect and assay for spec-tral
interferen-ecs, and to automatically adjust peak
fitting constraints based on spec-tral 1intensity
variations. Thus, the necessity for operator
intervention to switch analiysis files 1S
essentially obviated! The entire software package
was developed in the C language thus rendering 1t
very versatile. For ease of operation and
training, extensive use was made of user friendly
screens and menus. The system has Eroved 1itself
in a produczion mode at RFF sin-e September, 1988
Marked decreases 1in training and "hands-on”
operation time were noted when compared with
pre-eeding sys:ems. -

Scfrware /Hardvare Interfa-ing

S-me mudifi-ati-ns and addi*ione  are needed
with the fresent TRIFIL syster 1n  order to
interfase with the CimfF:> 4O software whi~h
resyder or. the central competer  (IBM-AT, and
contr..c the ROBCTAL robot. The interfa-e te  the
Canberra Seriet 9% Muitichannel Analyler remalns
unchanged The modified TRIFII software, called
ISOCODE, will be rur 2na Compay B 20 computer

The keybuar ! ¢ thic -omputer will bLe locked out
1 the norma. runring mode and ol control will be
Vie ar. RS 1327 serial iine from the IBM AT Thie
zentroller,  referred ot e ars the maste;

srogram, ~ar sen” tour differsrt o mmandr ¢ the



ISOCODE program:

(1) Inform the ISOCODE program, executing on the
Compag 386/20, that a sample for measurement
is on the platform and start the

acguisition cycle

(2) Direct the 1ISOCODE program to enable the
keyboard. This will permit an operator to
interact directly with TRIFID in order to,

e.qg., change setup parameters. When the QUIT
option from the TRIFID menu 15 selected,
the keyboard will again be disabled and

contrcl will be returned to the master

(3) Request the status of tie gamma 1sotopaic

system, including the existence of errors
{4) Direct the program to stop the current run.
If there is no current run, no action

wlll be taken.

The isocode program can, in turm, send the results
of the analysis (see Table 1), as well as an error
message i1f the transmission isn’'t received, back
tc the master program residing on the central
computer. These results can then be imnediately
viewed by the operator and are automatically
archived on a user-friendly, versatile data-base
system (RBASE:. The spectral data are permanently
store2 at the (Compag on removable Bernoull:
Cartridges.

Al! messages sent to or from the master
program are 1irn the format spe:-.fied 1n the
communicaticn protoccl document' by Martin Kellogg
of the Los Alamcs National Laboratory. Some of
the features of this protocal which apply here are
now described. F.rst, all information 1s
transferred in printablie ASCII characters. This
allows a non-intelligsnt terminal to be hooked to
the serial line for debugging. All numbers are

formattad in printable characters (usually
decimai, but psssibly some cther bLase when more
comp.actness 1 desired for transmission. Each

ASTII character has 7 data bits. The 8'h b1t 1S
transmitted as ar ever parity biat, and 1s checked
by the receiver. There 1s one start bit and one
stofp ke The L1t rate 1t hardware (or scfiwale;
selectalble. It may range from 30@ tc 19200 bite
per  secoundl. Next, mescages are variab.» 1n
length, ug t< some maximum. This allows short
messages for atknowledgment and longer messages
for tra.smission of assay results. Messages
longer thar the maximum are segmented int:
multip.e messagers, east, of which 18 sent ani
ackniow.edged separately All messages begin with
a syn: chatatter ({ "left Dbrace”) and are
terminated with a carriage return and line fee



Any characters preceding the sync character or
following the line feed are ignored. Eaclh message
contains the current date and time in case they
are logged to some device. Further, each message
contains a message tag, which indicates the
message type (see Table 2). The receiver
determines from the tag the content and format of
the message. Some messajes, such as acknowledge,
may have no content.

Several features are incorporated for
checking the correctness of messages. Each
Bessagze contains a byte count after the sync
character; this count can be wused to check
pessage lergth. Following the message content,
there is a checksum preceding the CR/LF. The
checksum 1s a longitudinal sum of the message
characters; th~ receiver verifies that the message
characters actually received sum to the same
resule. Message handshaking allows for
retransmission of messages when necessary. The
receiver acknowledges correct receipt of a message
or asks for retransmission 1f a message 1S not
received correctly. If the sender receives no
response within a specified time, the message 1§
retransmitted up t¢ a maximum of five times at
which point the communicatior software signals an
error. In addition, as an extension to the
protocel, if cae of the programs detects that the
commuriications has failed or 1ts synchronization
is lost, 1t will send a NAK message to the other
computer t¢ indicate the loss. This indicates
that bcth programs are to start with
retransmission of the message sequence from the
initial "R” message. As mentioned before, 1i1f a
commur.1cation Or central computer failure occurs,
the i1scotopics i1nstrument can be taken off-line
where 12 does not regquire the link with the
centra. computer. It can be operated 1n a
stanc-alcne mode and will log the ana.ysls results
ontz the disk and pranter. In fact, this mode
wiil be ente:«d automatically when the 1nstrument
detectes lose of communicatiorn. Exit may samilarly
be either manual or aut-matic.

We -onclude thic se-ti:in by giving an exampie
(see Takle 3 ¢f a message orlglnating from the
master and sent t: the ISOTODE program. The start
message ~ontains the informatior required t:o start
an assay ru.. The master program scnds a data
message ¢f type ST that containr the nececsary
informatior, The ISOHCODE program will return  an
atknowledge cr NAF deparding un whethe: the
mecsaye was received Torrectily. The filelidds ot



information will be fixed length ASCII strino-
separated by semicolons. All strings will be
right padded with blanks if their length 1is
shorter than the given field length.

The mechanical control portion of the gamma
isotopic measurement station consists primarily of
an instrument cabinet, two detector platforms and

a sample platform (see figure 3). Each platforn
is a stand-alone mechanical apparatus that acts
independently c¢f the other platforms. The

detector platforms can move 31 inches along an
axis either toward or away from the sample
platform and are controlled by twoc Anaheim
Automation DPF-76 3-Axis @otor controllers,
communicAating with the Compaqg via a serijial port,
and twoe Anaheim Automation 34D311 stepper motcrs.

The driver routines for the controllers are
written in the 7T language and can be called by the
ISOCODE software as needed. In addition, failsafe
hard limit switches are provided to prevent
damaging mcvement. If the hard limit switch is
actuated, pover i1s removed from the motor and will
not be restored unless a move is requested in the
oppcsite direction. One of the detector platforms
has a secon? stepper motor that controls a stepped
wedze containing five positions of a2 m:l
iricrements of cadm:um whiich. can be moeved in front
of the LEPT detector to provide necessary

absorption of low-energy gamma and Xx-rays. The
sample platform 1s controlled by two stepper
motors and lamit switches. The sample to be

peasured is placed on the platform by the robot
and the platfcrm 1s then moved along a vertical

axls and simultaneously rotated. Assay height
(externt of vertical motion: can be determined by
ponitering the gross count rate. Control 1lines

from all platf:rms are brought tc a contrcl panel
whaich distlay: the status cf all limit switches
and houses the motur contr..lers. The contrcl
panel alsc prcovides fir manual activation of any
mcter, slow or high speed, and Eprovides  an
emergency shut-down switsh, The panel 1s
connes ~ted t> the C(Compay 38¢ 2@ wvia an RS-J32C
serial link which re-eijves c-ommands from the
Tompay arnd returme ctatus  arnfommatior.  about  the
mecharical system,

In _rder t: develsp the ISOHTDE scftwar for
WBITAL, three phasers c! TRIFID £ ftware

leve]l-pmen*® were 1der.tified. 1. Ere measurement,
ULooatquitation cyrie, and (1. effetive gsperaf)lo
Jower  ~aj cilat)orn The pre mearu:emer* phane

rentullt roytiner L de* ermine the cadm im



absorber thickness and optimum detector distances
from the sample prior to acquisition of the
gamma-ray spectrum for analysis. It also includes
receipt of setup file specifications from the
master computer (CimRoc 4200 IBM-AT) for the
sample to be assayed. Studies are presently under
way to determine the best way to develop the
algorithms. Siance the praimary fun-tion of the
cadmium absorber is to attenuate the large 60 keV
Am peak to approximately the same height as the
X-ray peaks in the regqgion, a simple integral
comparison should suffice. Determining the best
detector distance is not quite as easy since
different collimation mey have to be enmployed
depending upon the sample strength. Howeveur,
since the primary goal is to achleve the maximum
count rate without saturating the detectors or
losing too much throughput because of deadtime, ¢
studies are being performed using Ortec 994
Counter Timers to integrate the gross count rates
in crder to map out boundaries based on the
paximum source strengths ach!evable. It the
samp le to be measured has less count rate than
that boundary, then the detector is simply moved
as close tc the sample as possible; 1if not, then
algcrithms waill have to be developed to
incrementally move the detectors, always comparing
with the prescribed boundary conditions.

The acguisition phase includes addational
routines to initialize the system, start and stop
the helical scanner (rotating and translat:ing
platfcrm), and prepare for power shutdown. For
example, the routine CLEANUP 1iratializes the
serial port, sets vital motor contrcl parameters,
sends all motors to their retracted positions
(platform raised, detectors back and wedge out),
and verifies these limits. This routine is called
several times during the c>urse of a run: after
power up t: irnitlallte the system, after an assay
to grepare the unit fcr the next sample, and
bef:re power down. The routine SHUTDOWN lowers
the cample tabtle for power down, Otherwise,
wlthcut the mct:: hclding torJue, the samjle
platform would lowe:r 1tself under 1ts own weight,
poseitbly cauring damagze ¢r dropping a sample. The
routines SFIRAL and STOFSFIRAL iriitiate and Etop
the sample pliatform rctat:on tranclatisn for data
acquisition Cn-e SPIRAL returns control to  the

main program, the sctor contr:ller acts
autcnomously until the TOPSPIRAL routine 1s
called. From prevaicy,.  studiets’ 1t has been

determiried that, for a one-half inch slit width
ilamater 1the type usei here ., r.tat)-r rater of



1@ rev./min. couplel with translation speeds of
@.33 in./min. give best results, Since data
acquisition time is normally 30 minutes for most
sanples, this is sufficient time for one full
vertical translation of a 10 inch high cannister.
Thus, data will be obtained on 3@ rotations per
inch of vertical translation.

The last phase, effective specific power
(Peff) calculation, has routines to select the
proper isotopics for calculating the effective
specific power and 1ts associated uncertainty.
For example, in the case of an assay of a
heterogeneous salt with a non-zero beta value,S
the ISOCODE software has algorithms to recognize
this and not use the high energy (COAX) americium
value in the Peff calculation.

Finally, in order to help <clarify and
integrate the ideas and routines incorporated in
ISOCODE, we present a process flow chart
illustrating the sequential flow throughout the
system during a typical assay (see figures 4 and
§). “Program Self-Initialization involves a call
to the CLEANUP routine. This alsc sets up
communications between the various components. 1In
the “Idle” mode the Compag is waiting for either a
"start” command from the CimRoc Central Computer
or assumption of keyboard contrcl by the operator.
After receiving a sample and "start”™ command, the
Compag makes a call to the SPIRAL routine and
performs the positioning sequence detailed in
figure 5. Next, the Compaq instructs the sample
platform motcr controller to start translating by
making another call to SPIRAL (rotation is already
occurring from the positioning sequence). After
the Canberra MCA times out (preset time attained),
the data are sent to the Compag and tae analysis
is performed. A call tc the CLEANUF routine is
then made and the CamRoc IBM-AT Central Computer
ls queried. If the CimRoc respcndes, the Compay
7111 print and transmit the analysis results to
the CamRxc for archiving and operator viewing. 1If
-he CimRoc does not respond, the Compag will query
If ts a total of five times before automatically

'nter.ng the keyboard mode. Keyboard control
1llowe the sperator to fulfill the role of the
imRoz by Elacing removing samples,

'ntering 'retrieving data via floppy diskr,
itarting. ending assays while maintaining the
utomation aff.rded by the Compag.

'ONCLUSIONS



In recent years, with the advent of expert
systems employing artificial intelligence and the
integration with robotics, it has become possibie
10 automate many repetitive, boring processes. 1In
particular, the very recent development of
TRIFID/EFICS by RFP perz.nnel? has made it
feasible to automate the very important assay
procedure of calorimetry and gamma-ray isotopics.
The advantages, from a practical standpoint, are
that cperators receive less radiation exposure,
throughput is increased by about a factor of
three, and safeguards is enhanced. Further, the
operators’ time can be better spent in more
productive activities that require more thinking.
From a different perspective, perhaps more
speculative, one of the important accomplishments
of this trailblacing endeavor is that it has set
the stage for further development in this arena.
For example, plans are already underway to
automate the LANL PF-4 MEGAS (Multiple Energy
Gamma Assay System) operation® in which repetitive
measurements of low-level nuclear waste boxes are
made. One can raise the question of just how far
this concept can be pushed. It seems to us not
inconceivakle that eventually all packaging,
unpackaging, and measuring of nuclear materials
wilil be robot::zed.
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TABLE 1

Archive Information Sent to Master
from TRIFID Isotopic System

item AS Chars. Example
Pu-238 (% total Pu) 8 ?.009%6
Pu-239 (% total Pu) 8 93.7634
Pu-240 (% total Pu) 8 5.9559
Pu-241 (% total Pu) 8 9.2491
Pu-242 (% total Pu) 8 @.0220
Am-241 (%t total Pu) 8 ©.0826
U-235 (% total Pu! 8 5.9971
Rp-237 (% total fu) 8 13.2231
Am-243 (% total Pu) 8 1.3327
Uncer. Pu-238 (%) 6 .71
Uncer. Pu-239 (%) € Q.16
Uncer. Pu-240 (%) 6 2.48
Uncer. Pu-241 (%) 6 0.41
Uncer. Pu-242 (%) 6 12.46
Uncer. Ar-241 (%) 6 2.54
Uncer. U-235 (%) 6 11.68
Unce.. Np-237 (%) 6 1.23
Uncer. Am-243 (%) 6 33.39
Eff. Specific Power 9 0.0023879
Uncer. Eff. Sp. Power(t) 5 2.38
Collection Date 8 127 2/88
Collection Time 8 15:47:03
LSTAT Number 1 2
Instrument ID 2 Qo1
Live Time 5 3600
True Time 5 3783
Beta Value 7 0.025%9
Beta Uncer. (%) 6 11.29
LEPS Anal. File 4 plut
COAX Anal. File 4 hnrg
Ahsorber Pos. 1 3
Count Rate 5 53000

Total Characters: 196 °*

* Will require two data message sagments
to transmit



TABLE 2

The following types of messages are defired:

Message Tag Description
? Retransmission of the message )Jjust

received 1s requested; the message
content 1is empty.

A Transmission of the message or seg-
ment just received 1s acknowledged;
message content 1s empty. A requect
message 1S acknowledged by transmi.-
ting the requested data. The "A"
message 1S not sent in thls case.

R Message 1s a request; the message
content is a two-character code indi-
cating the type of request.

D This 1s the last or only segment of a
data message: the messzge contenti 1s
the type ¢f data and the data itself.

d, 1, ...9 This 15 a segment other than the last
of a segmented data message; the
message content 1s the type of data
and the data i1tself. The first seg-
ment has the message tag @, the
second 1, etc. If there are further
segments after 9, the tags recycle
from @. The last segment has message
tag D.

'he first two characters of the content in a data
essage are a code that designates the type of
ata in the message. Some example:s are ST for
tart assay, RA for assay results, ER for erior,
P for stop assay, NA for NAK not acknowledged),
A for stand-alone, 1.e., retuit keyboard control
n Compag t¢ operatur, etc. If the message 15
egmented, the conternt of each segment starts with
he data type characters.



TABLE 3

Start Message Sequence

22 23-2% 26-27 28 - 7
CERAEE LEEREL L X L LR e - -
i1t D)l 8T: | &; | Data; ||
PR RS AT L LA IR P e mr - - ‘e ~—~-=-
COMPAQ <------ < ROBCT
PR Y L Y X N
it A ]
EREERT LT LEEY L L
COMPAQ »>------ > ROBOT
Start Message contents
Name Length Description

Systen ¢ 1

Lot ID 20

Mater:al 2

Aczount 3

Setupfile 1}

Comment -1

[orma )
Index Cude
el-o: N
Qs
a4

This 1dentifies which of the two
possible gamma-1sotopic Ssystems
13 to be started.

This 1s the lot identifier sup-
plied by the operator for the
sampie vien 1t 1s entered into
the robot system.

This 1s the material type sup-
plied by the operator for the

sanfple when 1t 15 entered into
the robot system.

Thas 1s the account nhumber sup-
plied by the operator for the
sample when it 1s entered into
the robotr system.

This 18 the name of the MCA f1le
that TRIFIL 1s tc use for per-
forming the analysais.

This 18 & Cnara~ter comment that
cAan be uz+d ar g lahe] on the
printed outjut. Its contents are
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Fig. 1. View of the ROBOCAL work envelope as seen
looking toward the KARDEX Stacker-Retriever. A
large 7-inch calorimeter with a slightly protuding
sample can 18 visible just in front of the KARDEX.
The robot arm 15 located above and to the right of
the calorimeter. One of the light cuitain units
is just visible in the far-left foreground; in
the far-right foreqground part of the back of the
contrcl rack for the calorimeters can be seen.






Fig. 2. View of the gamma 1S0toplcs station at
the end of the ROBOCAL work envelope (looking away
from the stacker-retriever). The LEPS detector,
with i1ts shielding not yet in place, can be seen
resting on its horizontally movable platform.

Just 1n front 15 the rotating and translating
platform holding a sample can for measurement. In
the background on the left 1s a rack containing
the motor controllers and i1sotopics electronics;

on the top right i1s the Canberra Series %5 MCA and
just underneath is the Compag 386/20. Thas entare
system is discussed fully in the text of the

paper.






Fig. 3. A schematic sketch of the gamma isctopics
system showing the various po§§1ble movements of
the detectcr:, sample, and cadium stepped wecdje as
well as thelr interconnections. Not shown 15 the
connection from the Compag t¢ the CimRoc 400
Central Computer (IBM=-AT).
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Fi1g. 4. Process flow chart.
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Fig. 5. Detail of positioning sequence indicated
in proness flow chart,
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